Green tea (Camellia sinensis) is a popular beverage not only in Japan but also worldwide due to a variety of health benefits and a high percentage of catechins. The modern method of making green tea involves roasting of green tea leaves at 160 C for 25 min or at 180 C for 20 min, and then processing the roasted leaves with hot water to yield roasted green tea. The demerits of this method are the loss of several important volatile components due to constant exposure to the air while roasting and difficulties in disposal of large quantities of residue after the extraction process. Most of the residual green tea is disposed of by incineration, imposing a big burden on the environment. Hence effective reutilization of green tea residues is highly anticipated in order to deal with the environmental problems and also in order to reuse resources.
Subcritical water is water in a temperature range of 100 to 374 C and pressures between 1 and 22 MPa. Under these conditions, the dielectric constant of water decreases, giving water with changed polarity and thereby efficient extraction abilities. 1) Worldwide, subcritical water extraction (SWE) has received much attention recently in the extraction of natural products, since this technique is environment friendly, quick, and inexpensive as compared to various other solvent extraction techniques. Furthermore, extraction occurs in a closed chamber and in water, preventing the loss of volatile compounds. SWE presents virtually no disposal costs and can be considered a clean alternative to conventional organic solvents.
In our previous research, we reported subcritical water extraction of barley to produce a functional drink.
2) 5-Hydroxymethyl-2-furaldehyde (HMF) was found to be a major component of the 205 C barley extract, responsible for its high antioxidant activity, taste, and odor. Furthermore, amino acid analysis revealed asparagines, glutamine, alanine, and isoleucine to be some of the main amino acids in the 205 C barley extract.
Considering the above merits of the technique, we investigated the utility of SWE in preparing green tea extracts. We extracted green tea at various temperatures during SWE and further fine-tuned subcritical conditions, with respect to temperature, to achieve a better yield of roasted green tea extracts. Each extract was rated for its sensory properties, including taste, odor, and overall value as a drink, on a scale of 1 to 5 by a panel of eight. Furthermore, the pH, percentage of residual matter, and peroxynitrite antioxidant activity was determined for each extract.
Powdered green tea was received from the Chamber of Tea Association of Shizuoka Prefecture, Japan. For antioxidant activity analysis, peroxynitrite was prepared according by a previously described method.
3) All the other chemicals used were purchased from Wako Pure Chemical Industries (Osaka, Japan).
A residual green tea (dry weight 7.01 g) remaining after conventional extraction at 80 C by hot water of powdered green tea (10.0 g) was further subjected to SWE with 200 ml of water by a procedure described in our previous reports.
4 ) The extracts (dry weight 4.12 g) were cooled to room temperature and then stored in the dark at 4 C until analysis. Table 1 shows the results of the analysis for sensory properties of the green tea samples obtained under preliminary extraction conditions, which are also indicated in Table 1 . Analysis revealed that extraction at about 165 C produced a good green tea extract. We further fine-tuned the extraction of green tea samples with respect to temperatures of about 165 C based on the preliminary extraction results. Table 2 shows the secondary precise SWE conditions applied in green tea extraction and the analysis results. The antioxidant activity results with respect to the extraction temperature indicated that the antioxidant activity was similar in an extraction temperature range of 140 to 260 C. The residual green tea extract obtained at 140 C exhibited peroxynitrite antioxidant activity of 98%, whereas the 200 C and 260 C extracts showed over 95% peroxynitrite antioxidant activities. The analysis of sensory properties revealed that SWE at 140 C produced a better roasted green tea-like extract. The slight y To whom correspondence should be addressed. Tel/Fax: +81-54-238-4884; E-mail: acheto@agr.shizuoka.ac.jp
In order to determine the reasons for the comparatively high antioxidant activity, better taste, and aroma, and overall high value, we carried out further analysis of the 140 C extract. The extract was filtered (Advantec 2, 185 mm), and the aqueous filtrate obtained was extracted with hexane, chloroform, ethyl acetate, and butanol successively to separate the extracted components according to their polarities. Each of the organic extracts thus separated was dehydrated, vacuum concentrated, weighed, and finally preserved at À20 C until analysis. The yields of the respective organic extracts were found to be 6 mg (hexane), 55 mg (chloroform), 9 mg (ethyl acetate), and 102 mg (butanol).
Next, the peroxynitrite antioxidant activities of all the isolated extracts were measured to determine the most effective organic extract. Butanol extract exhibited the highest peroxynitrite antioxidant activity (99:26 AE 0:75%), followed by ethyl acetate (93:86 AE 1:15%), chloroform (44:42 AE 1:24%), and hexane (20:15 AE 1:07%) (std. mean values for three tests). Due to high extraction yield or strong antioxidant activity, butanol and ethyl acetate extract were selected for further investigation.
TLC and silica gel column chromatography were used in the analysis and separation of the concentrated butanol and ethyl acetate extracts. TLC analysis (Silica gel 60F 254 plate, CHCl 3 :MeOH; 5:1) of the butanol extract showed a concentrated dark spot at Rf 0.30, when observed under UV radiation (254 nm) and visualized by vanilline sulphate. This major spot was isolated by silica gel column chromatography (CHCl 3 :MeOH; 4:1). After chromatographic separation, fraction 5 (6 mg) was obtained as a major fraction of the butanol extract. Structure elucidation of the isolated fraction by 1 H, 13 C NMR spectroscopy and a comparison with the values in the literature revealed fraction 5 to be (þ)-catechin and (À)-epicatechin (1:1). These compounds are assumed to be made by hydrolysis of catechin gallates. Furthermore, the ethyl acetate extract was found to consist of HMF as the major component. It can be assumed that the polysaccharides and sugars present in green tea undergo a thermal degradation reaction to form HMF. 5) Additionally, amino acid analysis of 140 C extract was carried out in order to determine the amino acids contributing to the overall value of the extract. One ml of 140 C aqueous extract was mixed with 1 ml of 5% trichloroacetic acid, and this mixture was centrifuged for 10 min at 10,000 rpm. The supernatant was filtered through a 0.2 mm filter and subjected to amino acid analysis (Hitachi L-8900 automatic amino acid analyzer). The amino acids were identified by comparison of their retention times and were quantified by the calibration curve method. Glutamine (7.9 mg/100 g), serine (6.3 mg/100 g), and arginine (41.6 mg/100 g) were the major amino acids, along with theanine (56.7 mg/100 g), present in the 140 C extract. Caffeine was also present at 2.0 mg/g (14.0 mg/g in 80 C hot water extracts from green tea).
In conclusion, we determined the best extraction conditions for the extraction of residual green tea using sub-critical water extraction, as far as sensory properties and antioxidant activities are concerned. (þ)-Catechin, (À)-epicatechin, and HMF were found to be the major components of the 140 C extract responsible for its high antioxidant activity, good taste, and odor. Furthermore, amino acid analysis revealed that glutamine, serine, arginine, and theanine were the main amino acids in the 140 C extract. We hope that apart from proposing a novel method to process roasted green tea, these results indicate that SWE should also be useful in the future in the production of roasted green tea-like extracts from the huge amounts of waste residual green tea matter produced in green tea industries. Further studies are presently in progress at a food company to check the applicability of our laboratory-scale results in production at the industrial level. 
